This paper shows how the expected rate of return (ERR) on equity may be estimated using published accounting results, based on the information dynamics of reported earnings. As accounting-based valuation models conditional upon financial statement articulation lead to a rank deficient system of estimating equations, the paper introduces a nonlinear constraint on the articulation that allows the information system simultaneously to produce an estimate for the ERR by iteration, together with predictions for the key clean surplus forecasts of net earnings, net dividend and the book value of equity. Further decomposition produces estimates of expected capital gain, expected earnings and the expected change in equity book value, and by rearrangement, the expected change in unrecorded goodwill. The clean surplus relation is maintained in the forecast variables. Exploratory data methods are used to examine the nonlinear relationship between components of the accounting-based ERR and realized stock returns. Findings show that realized returns are higher (lower) than estimated ERR in expansionary (recessionary) periods, with evidence of a stronger returns impact in recessionary periods. For the large majority of firms, realized returns revert to the estimated ERR, and the time-varying accounting components are strongly related to future realized stock returns, consistent with time variation in the ERR around a long-run average.
Introduction
This paper is concerned with using only key accounting information to estimate the firm's long-run rate of return on its equity. Our analysis differs from previous research by focusing on how information dynamics can be adapted in order to estimate the expected return using published accounting data, in marked contrast to most of the extant accounting literature which reverse-engineers the expected return using using earnings forecasts and stock prices.
We apply the Clubb (2013) development of the Ohlson (1995) linear information dynamics framework based on abnormal earnings (residual income) to extract an estimate of the firm's expected rate of return.
In order to obtain estimates of the cost of equity under this approach, we convert the abnormal earnings information dynamics into a reported earnings information dynamics and then, following the methods proposed by Christodoulou and McLeay (2014) , we introduce a constraint on accounting articulation into the resulting rank deficient equation system, which is then estimated on a firm-by-firm basis.
The linear information system simultaneously produces an estimate for the expected return together with predictions for future earnings, net dividend and closing book value of equity. We then apply the Easton, Harris, and Ohlson (1992) and Penman and Yehuda (2009) decomposition of stock returns to produce an estimate of expected change in price and employ exploratory data methods to examine the non-linear relationship between components of our accounting-based expected return estimates and realized stock returns.
The remainder of the paper is organized as follows. Section 2 reviews the relevant literature on the use of accounting information to estimate expected returns. Section 3 develops the framework for estimating and analysing the long-run expected rate of return and explains the estimation issues related to implementation of this framework. Section 4 describes the data. Section 5 presents the results and Section 6 concludes.
Accounting information and expected returns
The relationship between the expected rate of return (ERR) on equity and information about the firm's fundamental economic performance and financial position is a considerably active area of theoretical and empirical research in finance and accounting. Some of this substantial literature is reviewed in papers by Callen (2016) , Easton and Monahan (2016) and Penman (2016) in the current issue of this journal, so we limit ourselves here to reviewing only those aspects of the literature that motivate and locate the analysis in the current paper. Indeed, where possible, we exploit insights from these papers to highlight strengths and limitations of the approach to estimating expected equity returns adopted in our study. At the risk of over-simplification, we distinguish between 'finance' and 'accounting' perspectives in the literature on ERR in this section. We start by briefly outlining some important developments from the 'finance perspective' before focusing on issues raised by the 'accounting perspective' of particular relevance to our analysis.
The 'finance perspective' on ERR is focused on the development of asset pricing models to provide theoretical and empirical insights into the drivers of expected returns. In relation to the role of fundamental information, the seminal empirical studies by French (1992, 1993) highlighted the possibility of accounting information contributing to the identification of priced risk factors, in particular through the book-to-market factor. However, as indicated by Easton and Monahan (2016) in this issue and as discussed in previous work by Berk (1995) on testing asset pricing models, the interpretation of factors theoretical analysis of Campbell (1999) and Vuolteenaho (2002) (and with research based on the 'finance perspective' previously discussed), the large literature on estimation of implied cost of capital' reviewed by Easton and Monahan (2016) indicates the continued importance of the simple constant discount rate model both for equity valuation and for management investment decision-making. The accounting perspective on expected stock returns in the current paper is consistent with the focus in the implied cost of capital literature on estimating an average or long-run expected rate of return. There are however also some important differences between our approach to ERR estimation and other approaches in the literature which we now briefly summarize before moving to a detailed outline of our research design.
The framework for estimating ERR adopted in the remainder of this paper aims to contribute to the 'accounting perspective' on ERR estimation and fundamental performance. More specifically, we use the linear information model based on abnormal earnings, net dividend, and book value of equity from Clubb (2013) to estimate the long-run expected return on equity on a firm-by-firm basis. This is achieved by replacing abnormal earnings with net earnings less lagged book value multiplied by ERR in the information dynamics; applying the CSR parameter constraints identified in Clubb (2013) to the adjusted dynamics; and applying estimation methods to deal with rank deficiency of the resulting equation system as in Christodoulou and McLeay (2014) . This approach allows us to estimate a long-run ERR based purely on the firm's accounting information dynamics and without reference to its stock price, thus avoiding the circularity problem of using reverse-engineered implied cost of capital estimates for equity valuation noted by Penman (2016) in this issue.
Furthermore, as discussed more fully in Section 3, the Clubb (2013) dynamics is based on a generalization of the dynamics used in the seminal work of Ohlson (1995) and Feltham and Ohlson (1995) , which facilitates understanding of implicit assumptions regarding dividend displacement and accounting conservatism in our analysis. There are of course some potential limitations associated with our approach. For example, we make simplified assumptions in relation to the information dynamics generating abnormal earnings (in particular, we define abnormal earnings in relation to a risk-adjusted discount rate of return, as opposed to the risk-free rate as advocated in research reviewed by Callen (2016) ) and we do not provide an explicit risk-based explanation of our long-run ERR estimates. However, we believe that our focus on estimating the expected rate of return from linear information dynamics based on accounting fundamentals represents a novel approach which highlights the possibility of focusing on a firm's performance in its product markets, as opposed to the capital market, to derive ERR estimates.
Structural estimation framework
This section begins with an outline of how accounting information models based on abnormal earnings are to extract estimates of the expected rate of return on equity. After providing key definitions for the clean surplus relation, we explain the rationale for our approach to ERR estimation by relating accounting information dynamics to the key valuation concepts of unbiased and conservative accounting.
Second, we show how the assumed accounting information dynamics can be used not only to estimate the ERR but also to forecast the key components of the ERR, including forecast earnings. Third, the econometric issues related to the estimation of the accounting information dynamics and the implied ERR are discussed, and the estimation methods used in the study are explained.
Clean surplus definitions
Clean surplus accounting prescribes the updating of the closing shareholders' equity position y t+1 , given the opening position y t plus the intervening period net earnings x t+1 minus the net dividend distribution to shareholders d t+1 :
Specifically, x it is defined as clean surplus comprehensive net earnings of firm i at time t, d it is dividend payout plus stock repurchases net of proceeds from new share issues, and y it is book value of equity. The clean surplus relation can be re-expressed in terms of abnormal earnings, i.e. the difference between reported net earnings and the equity capital charge given the knowledge of the expected rate of return,
where r i is expected rate of return (the ERR) for firm i, which is assumed here to be inter-temporally constant over the firm-specific time period T i .
Abnormal earnings valuation, accounting bias and the ERR
The seminal studies by Ohlson (1995) and Feltham and Ohlson (1995) demonstrate how linear information dynamics can be used to derive equity values which exhibit a long-run expected value either equal to book value (unbiased accounting) or in excess of book value (conservative accounting). In other words, these studies demonstrate how linear information dynamics can be used to model the joint impact of product market competition and accounting practices on the relationship between the long-run accounting rate of return (ARR) and the ERR, where unbiased accounting implies long-run convergence of the ARR to the ERR and conservative accounting implies long-run convergence of the ARR to a rate above the ERR.
In the case of unbiased accounting in Ohlson (1995) , long-run reversion of the accounting rate of return to the ERR implies that abnormal earnings persistence, ω, is less than 1 in the following autoregression of abnormal earnings:
where it+1 is a mean zero Normal disturbance term. Given that 0 ≤ ω < 1, this model can be viewed as consistent with competitive product markets where the economic rate of return generated by the firm converges to the ERR in the long-run, and cost-based accounting valuation practices ensure that the long-run ARR closely approximates this long-run economic rate of return. Furthermore, equation 3 implies the following comprehensive earnings dynamic:
1 The original Ohlson (1995) analysis also allowed for 'other information' variables, vt, which are assumed by Ohlson (1995) to converge to zero in the long-run.
Hence it follows that the ERR, r i , can be estimated as a composite coefficient on y it−1 , via the autoregression of net earnings, augmented by equity book value at t, and lagged book value at t − 1.
The information dynamics represented by equations 3 and 4 may not represent useful earnings forecast models for firms that operate in imperfectly competitive product markets and/or implement accounting valuation procedures that systematically value assets below cost. Such conditions where the long-run ARR is expected to be above the ERR are modelled by Feltham and Ohlson (1995) , who assume the following abnormal earnings dynamic:
where 0 ≤ ω < 1 and γ > 0. Given that book value is expected to grow at a positive rate (i.e. it is not mean-reverting), then γ > 0 implies non-convergence of abnormal earnings to zero in the long-run, which in turn implies 'accounting conservatism' where abnormal earnings are positive and expected ARR is greater than ERR. Extraction of the ERR from the Feltham and Ohlson (1995) model is based on:
where the ERR may be inferred from the regression coefficients for comprehensive earnings at t and book value of equity at date t − 1 based on equation 6.
While Feltham and Ohlson (1995) provides one approach to modeling conservative accounting based on linear accounting information dynamics, a controversial feature of the implied equity valuation function is that a marginal dollar increase in net dividends reduces equity value by more than a dollar, i.e.
that dividend displacement does not hold and net dividends turn out to be a negative indicator of value as a result of the assumption that γ > 0. An alternative approach to modeling conservative accounting highlighted by Pope and Wang (2005) and Clubb (2013) , which is consistent with the Miller and Modigliani (1961) dividend displacement property, is to assume that abnormal earnings are generated by the following dynamic process:
where the assumption that φ > 0 implies accounting conservatism, i.e. a long-run ARR above the ERR. The corresponding comprehensive earnings dynamic is:
where ERR is given by the regression coefficient r i on book value. Given that equation 8 allows estimation of long-run expected return on equity under the assumption that long-run ARR may exceed ERR, and avoids the implication of the Feltham and Ohlson (1995) model that net dividends reduce cum div equity value, we use equation 8 in our empirical analysis to estimate the ERR, as discussed below.
Estimation model
Our analysis employs the following linear information dynamics from Clubb (2013) :
All error terms are assumed to be Normal mean zero disturbances. The estimation of the system of equations 9a -9c requires knowledge of the rate of return on equity r i in order to measure abnormal earnings, x a it+1 = x it+1 − r i y it . However, rewriting the system in terms of reported earnings obviates the need to know r i , which instead can be estimated as a free parameter using the restricted least squares approach from Christodoulou and McLeay (2014) :
Note that equation 10a corresponds exactly to equation 8. Since earnings are measured on a clean surplus basis, as described in Section 3.1, Clubb (2013) notes that the linear information system of equations 10a -10c implies that the following parameter restrictions must hold:
The linear information system described above is a rank deficient system of seemingly unrelated regressions. The system is characterized by a singular variance-covariance (VCE) matrix because it holds that 0 + E ( 1it+1 ) − E ( 2it+1 ) = E ( 3it+1 ); the inclusion of zero emphasizes that opening equity has zero residual because it is known and conforms with the clean surplus identity of y it ≡ x it −d it +y it−1 . Greene and Seaks (1991) and Greene (2011) explain how such rank deficient systems can be estimated in one of two ways. We may impose the parameter restrictions of equations 11a -11d and estimate the system of equations 10a -10c via restricted least squares with the singular VCE. Alternatively, unrestricted least squares can be applied to recover the estimates of two out of three equations, and then the estimates of the third equation are deduced from the known relationship between parameters. In this case, given the model, the predetermined opening equity y it and the predictedx it+1 andd it+1 , then the predicted closing equityŷ it+1 is simply deduced by means of the structural requirement of the clean surplus condition governing the accounting variables that are forecasted:
This articulation of predictions makes it clear that it is only necessary to estimate two out of three equations from the rank deficient system of linear information dynamics in equations 10a -10c. Equation 12 can also be expressed in terms of abnormal earnings, without needing to predict abnormal returns as intended in the original linear information dynamics:
The individual predictions are analysed in detail in Section 5. The system of accounting information dynamics is not only rank deficient in its equations, but also contains rank deficient design matrices X, and the common presence of r i places additional cross-equation restrictions in non-linear estimation.
These econometric implications are discussed further in Section 3.5.
ERR structure
Given an estimate forr i from equations 10a -10c, it is possible to use the relationship between observed stock returns and accounting earnings from Easton et al. (1992) and Penman and Yehuda (2009) to separater i into forecast components for the expected earnings yield, the expected percentage change in market value of equity, and the expected change in book value to equity with respect to its current market value, where the decomposition follows from the clean surplus identity of equation 1:
whereˆdenotes predictions formed at t for t + 1,r i is a parameter estimate from the linear information dynamics of equations 10a -10c,x it+1 /p it ,d it+1 /p it andŷ it+1 /p it are the articulated predictions for reported earnings, net dividend and book value of equity, respectively, and p it is market value of equity.
The decomposition in equation 14 reflects the Easton et al. (1992) proposition that the expected return is driven by expected earnings adjusted for the change in expected unrecorded goodwill, as represented by the two last terms in equation 14. Note that the last term representing expected capital gain is estimated simply by rearranging the equation as follows:
Restricted non-linear least squares
The estimation model given by equations 10a -10c is non-linear in its parameters and is estimated via iterative generalized non-linear least squares (IFGNLS), which is equivalent to maximum likelihood estimation (MLE) with multivariate normal disturbances across equations. It is important to iterate towards convergence to MLE, because the solution is invariant to choosing to estimate two out of three equations. As mentioned in Section 3.3, the third can be deduced using the parameter relations in equations 11a-11d, given the known opening equity and the singular system of linear information dynamics for clean surplus items.
The stacked system of equations represents a seemingly unrelated regression (SUR) estimator. In the absence of an integrated system, the SUR estimator makes the assumption of cross-equation error correlation for the it th obervation, E ( 1it+1 , 2it+1 ) = 0, and produces more efficient estimates than simple NLS when the equations are non-identical and non-nested (Zellner 1962; Zellner and Huang 1962; Zellner 1963) . 4 The other key advantage to SUR is that it allows the imposition of cross-equation parameter constraints as required by the analytical framework. As with linear least squares, so too the consistency of NLS results requires proper specification so that the zero conditional mean assumption is satisfied, E (u|X) = 0; hence the inclusion of model intercepts, α k , not originally specified in the analytical work of Clubb (2013) .
Estimation is performed at the firm level for T i ≥ 30. There is no need for robust correction of the VCE matrix because the estimated standard errors of the individual parameter estimates are not of interest under rank deficiency, as we cannot investigate individual statistical significance (Greene and Seaks 1991) . We may only evaluate collective model significance, e.g. the portion of explained variability, which is reported in the table of estimates in the Appendix, for each firm-specific set of estimates. 
Parameter interpretation
As discussed above, given the clean surplus data-generating process, the design matrices X of the regression equations 10a -10c are rank deficient and, accordingly, estimation is only feasible via the imposition of parameter constraints. In this system, estimation is attainable through the imposition of the structural non-linear constraints of equations 11a -11d, given the assumed linear information dynamics of equations 10a -10c. Christodoulou (2015) explains that the interpretation of individual estimated parameters is only meaningful if the imposed restriction identifies the simultaneous estimation of all slope parameters of the rank deficient X, and the restriction is economically justified on the basis of the assumed valuation model.
However, regardless of the choice of parameter restriction towards achieving identification, the predicted values recovered from a rank deficient X remain the same. Hence, the predictionsx it+1 and d it+1 , and consequently ofŷ it+1 andx a it+1 , are still valid even if we were to question the underlying economic theory suggesting the above non-linear parameter relation and to dispute the interpretation of the individual point estimates forr i .
The economic interpretation of the estimated parameters must account for the non-linear structure.
Specifically, the parameter of the expected rate of return, r i , is defined as follows:
where r i is equal to the marginal change in forward earnings given a change in current equity investment. At the same time, r i is equal to the ratio of two partial derivatives, suggesting a constant marginal rate of substitution between the sensitivity of the next period's expected earnings x it+1 to a change in initial equity investment y it−1 and the sensitivity of x it+1 to a marginal sacrifice in current earnings x it . The rate of substitution between this period's and the next period's net earnings in the denominator suggests a negative sign, hence the positive expected rate of return. The same marginal rate of substitution holds
Finally, we suspect a non-linear relation between the accounting-based predictions of earnings, net dividend and book equity and the realized change in the market value of equity, as there is a known asymmetric S-shaped market response in interpreting earnings surprises (forecast deviations from earnings releases). Hence, a similar non-linear interpretation should be pertinent to the accounting fundamentals that give rise to earnings surprises. For this reason, rather than imposing an expected functional form on the relation between realized price changes and the components of equation 14, this paper will employ exploratory data methods to examine how the accounting-based estimates relate to market realisations.
Data
Annual financial statement and price data are obtained from Compustat for US non-financial and classified equities (i.e. exclude SIC codes 6000-6999 and 9000-9999), over the period 1964-2011. The clean surplus variables of equation 1 are defined as in Nissim and Penman (2001) and Penman and Yehuda (2009) .
The book value of equity y it is defined as the common shareholders' residual claim on net operating assets, and is calculated as total common equity (item ceq) plus preferred treasury stock (item tstkp) minus preferred dividends in arrears (item dvpa). Comprehensive earnings x it is defined as net income (item ni ) minus preferred dividends (item dvp) plus the change in the marketable securities adjustment (item msa) minus the change in the cumulative translation adjustment in retained earnings (item recta).
The net dividend d it offsets dividend distributions with stock repurchases net of share issues and other transactions with shareholders as owners, and is deduced from the clean surplus identity.
All clean surplus variables are expressed per share by dividing by common shares outstanding (item csho) and also expressed in terms of price yield, i.e. deflated by opening price at financial year-end (item prcc f ). The initial sample of 34, 309 observations comprises of 882 firm-specific time series with T i ≥ 30.
This sample is screened for multiple outliers for the multivariate distribution f (x it , d it , y it ) using the Hadi (1992, 1994 ) filter applied at the 5% level of significance. The filter detects 1, 827 multivariate outliers, which are excluded from the analysis. The re-application of the sample selection criterion of T i ≥ 30 further reduces the dataset to the estimation sample of 29, 569 observations, comprising of 769 firms with 30 ≤ T i ≤ 47. Table 3 reports descriptive statistics for the firm-specific parameter estimates, sample sizes and degree of explanatory power associate with these predictions. Table 1 gives a summary of key statistics over the entire estimation sample, for the observable clean surplus components, market capital gain and market rate of return, as well for their corresponding predictions. Table 2 reports the rank correlations for observables, between all reported clean surplus variables and the realized market rate of return. The table in the Appendix gives the firm-specific samples. Note: All variables are scaled by p it . The rank correlations are reported for the pooled total estimation sample of 29, 569 observations. The Spearman's ρ is reported above the diagonal, and Kendall's τ is reported below the diagonal. All rank correlations are significant at the α = 0.01 level of significance. Table 3 provides a summarized report of key statistics for the estimated parameters from equations 10a -10c, the coefficients of determination and firm-specific sample sizes. For the expected rate of return,r i , 85.44% of firms are recovered with quite reasonable estimates within the range of 0 to the maximum of 0.2134. The remaining 14.56% of firm-specificr i are recovered with a negative sign. The mean estimate is 0.0573 and the median is 0.0707. Past studies have chosen not to report on negative estimates of the expected rate of return, as it contradicts the intuition in economic theory that firms would not plan ahead to reduce their market value. As a result, the convention in published work to date is to use reduced datasets that are consistent with this intuition, particularly by excluding from the estimation sample any firm-year observation for which the forecast is negative, which would generate a negative estimated expected return. However, we do not place such restrictions on the explanatory variables, and report both positive and negativer i , which gives a more realistic reflection of realized returns, acknowledging at the same time the underlying complexity of the empirical study. Nevertheless, the advantage is that long-run estimates of the rate of return are retrieved from uninterrupted firm-year series, whereas much research in this area cannot draw generalised conclusions regarding the longer term given that specific firm-years are discarded from estimation when convenient, resulting in incomplete time series. Note: The statistics for parameter estimates and explanaotry power reflect frequency-weighted summaries over firm-specific estimation samples. The realised rate of return r * it+1 is from equation 17. The expected rate of return r i and theω parameters are estimated as per equations 10. R 2 x , R 2 d and R 2 d are the associated R-squares. It holds that α 3 = α 1 − α 2 , w 31 = w 11 − w 21 , w 32 = w 12 − w 22 and w 33 = 1 + r − w 23 . T i is the firm-specific sample size. Table 1 reports the estimation sample statistics for the resulting predictions.
The Appendix reports a more detailed table of the 769 firm-specific estimates for the ERR,r i , with the respective sample sizes T i and the R-squares. The explanatory power for the firm-specific regressions given T i > 30 is reasonably high.
6 The Appendix table also reports the firm-specific median value of the Hou, van Dijk, and Zhang (2012) composite measure of the implied cost of capital (ICC).
7 By means of comparison, the median of the ratio of ourr i over the Hou, van Dijk, and Zhang (2012) median composite ICC measure is 0.9593 and the mean of this ratio is 1.0914, hence suggesting relatively close average estimates to the composite ICC, but not necessarily on a firm-by-firm basis.
Evaluatingr i against its realisations
The estimated ERR,r i , with its predicted components from equation 14 are evaluated against its respective realisations: Figure 1 shows the year-specific difference between the realized rate or return r * it+1 and the expected rate of return,r i , in terms of middle 90% (the 95 th minus the 5 th percentile), the interquartile range (IQR), the median and the arithmetic mean estimates. During recessionary periods,r i is much higher than r * it+1 and during expansionary periods the opposite holds. This suggests a steeper impact on the market's realised rate of return when taking in bad news by comparison to good news, generally consistent with the Kahneman and Tversky (1979) Prospect Theory.
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To test the effectiveness of our accounting data-driven method to estimating a representative rate of expected return, we test whether the realized rate of returns, r * it+1 , revert to their long-run average,r i , as estimated by the linear information system of equations 10a -10c. Ifr i is a reasonable estimate of the long-run rate of the ERR, then the mean-reversion of the realized rate of return tor i should be strong. Returns are stationary over time and mean-reverting, hence a mean-reverting test can be stated in discrete time as a test for a stationary process (Cochrane 2001) . In this respect, we may rewrite r * it+1
as a weighted average of its past value and its expectation:
where it+1 is a random Normal shock. The null hypothesis for mean-reversion is stated as H 0 : −φ i = −1. Given thatr i is a firm-specific estimate, the regression test specified in equation 18 amounts to a regression on a slope coefficient with inverted sign. For the level of significance α = 0.01, we fail to reject the null for 580 out of 769 firm-specific time series. Hence, the mean-reversion test suggests that for 75.42% of the firms with T i > 30 during 1964-2011, the future realized rate of return, r * it+1 , reverts 6 A more complete report, including firm-specific estimates for the ω parameters from equations 10a -10c, is available upon request.
7 This composite measure is the average ICC as estimated by Easton (2004) , Gordon and Gordon (2002) , Claus and Thomas (2001) , Gebhardt, Lee, and Swaminathan (2001) , and Ohlson and Juettner-Nauroth (2005) . With thanks to Kewei Hou for providing the firm-specific estimates from Hou, van Dijk, and Zhang (2012) .
8 Using the National Bureau of Economic Research definition of business cycle, the list of US recessions during the time period under investigation incude Dec 1969 -Nov 1970 , Nov 1973 -Mar 1975 , Jan-July 1980 , July 1981 -Nov 1982 , July 1990 -Mar 1991 Realised minus expected rate of return 179  193  234  350  480  502  575  604  636  633  606  645  694  708  723  734  743  743  739  747  740  738  738  742  739  740  722  720  732  749  747  752  749  735  719  690  648  632  639  642  633  630  597  554  530  535  309 Number of firms per year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011 Middle 90% IQR Median Mean
The y-axis gives the year-specific differences between the realized rate of return r * it+1 from equation 17 and the expected rate of returnr i . The differences are shown for the middle middle 90% (the 95 th minus 5 th percentile), the interquartile range (IQR), the median and the arithmetic mean estimates. The superimposed white line indicates r * it+1 −r i = 0. The bottom x-axis shows the timeline where the top x-axis reports the year-specific sample size (number of firms per year).
tor i on average, and that past changes in price do not help predict future returns in the market. The Appendix reports the firm-specific estimates forφ i .
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Evaluating the components ofr i
To evaluate the relation between the components of the predicted ERR,r i (equation 14), against the respective realisations as well against the realized rate of return, r * it+1 (equation 17), we apply the exploratory method of portfolio smoothing. The total sample of N = 29, 569 observations is grouped into 296 portfolios each containing 99 or 100 observations summing up to the total. For every y = f (x) relation that is graphed, we first calculate the median expectation for the x-axis variable per portfolio, and on the basis of this median we calculate the three quartiles of the y-axis variable.
10 The resulting graph is a smoothed summary of central tendency for consecutive localities of the bivariate distribution.
In addition, we plot the non-parametric estimates for cubic splines with five knots in order to assess the 9 Standard error estimates are corrected via the Eicker-Huber-White 'sandwich' robust estimator and are available upon request.
10 Portfolio smoothing summarizes consecutive localities of the bivariate distribution and therefore eliminates noise hence revealing hidden patterns in the data. For the origins of this method, sometimes also referred to as quantile smoothing, see Tukey (1977) and for examples using financial data see Christodoulou (2016) .
is applied in a consistent manner for Figures 4 to 7 for the predicted components ofr i , that is for the predicted capital gain, net earnings, net dividend, change in book value of equity, abnormal earnings and change in unrecorded goodwill, respectively.
Figures 2-5 evaluate the various components ofr i in terms of (i) their impact on the accuracy ofr i as a predictor of one-year ahead realized stock returns (left-hand side plots), and (ii) their own ability to predict future realized stock returnsr * it+1 (right-hand side plots). Realised rate of return
Predicted net earnings
The y-axis of the left-hand side graph gives the quartiles of realized net earnings x it+1 /p it . The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted net earnings,x it+1 /p it . There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximumx it+1 /p it . The overlaid lines reflect estimation of cubic splines with five knots. The diagonal dashed line references the 45 o degree line where y = x. Figure 4a , on the other hand, indicates that, while there is broad agreement between the predicted and the realized capital gain for the typical portfolio i.e. high bivariate density concentration around zero, there is a negative relation between predicted and realized capital gains for the median realized capital gain observed in each portfolio. In particular, for portfolios with significantly negative predicted capital gains, the median realized capital gain turns out to be significantly positive.
These results suggest that the substantial deviations ofr * it+1 fromr i documented in Figure 1 Realised change in book value of equity
Predicted change in book value of equity Realised rate of return
Predicted change in book value of equity
The y-axis of the left-hand side graph gives the quartiles of realized change in book value of equity (y it+1 − y it )/p it . The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted change in book value of equity, (ŷ it+1 − y it )/p it . There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximum (ŷ it+1 − y it )/p it . The overlaid solid lines reflect estimation of cubic splines with five knots. The diagonal dashed line references the 45 o degree line where y = x.
Given thatr i is an average long-run measure of the ERR, it is not surprising that it is a noisy predictor of short-run realized stock returns,r * it+1 . Specifically, consistent with perspectives of Penman (2016) and Callen (2016) in this issue, if there are short-run variations in the ERR and these are positively (negatively) associated with the net earnings (change in book value of equity) components ofr i , this will both weaken the association ofr i with realized stock returns and potentially create a negative association between the capital gain component ofr i and realized stock returns. Evidence in Figures 2b and 3b strongly suggest that net earnings (change in book value of equity) scaled by opening market value of equity are positively (negatively) related to future stock returns and this in turn results in the apparently perverse result in Figure 4b that the predicted capital gain component ofr i strongly negatively related to future stock returns. The latter is simply due to the indirect estimation of the predicted capital gain component asr i minus the predicted net earnings component plus the predicted change in book value of equity component i.e. if the net earnings component is positively related to the short-run ERR (and to one-year ahead realized stock returns) and if the book value of equity component is negatively related to the short-run ERR (and the one year ahead realized stock returns), then it follows that the predicted capital gain component will be negatively related to short-run ERR (and one year ahead stock returns) as shown in Figure 4b . Realised rate of return
Predicted capital gain
The y-axis of the left-hand side graph gives the quartiles of the realized capital gain (p it+1 − p it ) /p it . The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted capital gain, (p it+1 − p it )/p it . There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximum (p it+1 − p it )/p it . The overlaid lines reflect estimation of cubic splines with five knots.
Further results reported in Figures 5-7 support the view that the time-varying accounting components ofr i capture the short-run variation of ERR around its long-run expected rate. First, Figure 5 indicates that when predicted earnings and predicted change in book value of equity are combined to form predicted net dividends, this composite accounting component is strongly associated with future realized net dividends and, more importantly, strongly related to the realized stock returns. Second, Figure 6 provides further evidence on the role of predicted abnormal earnings as a predictor of future stock returns which is broadly consistent with, but somewhat weaker than, the results reported for predicted net earnings.
Finally, Figure 7 shows that when the last two components ofr i in equation 14 are combined to form predicted change in unrecorded goodwill, this composite variable broadly shares the negative association with its own future realisation as for predicted capital gains (however there are some evidence of a positive association for the majority of portfolios with small positive predicted changes in goodwill as shown in Figure 7a ), but is less strongly negatively associated with future stock returns than was the case for predicted capital gains as shown in Figure 7b . Interestingly, the latter implies that if our long-run ERR estimate is simply dichotomised into a predicted earnings component and an unrecorded goodwill component, then comparison of Figures 2b and 7b provide strong evidence that the earnings component has a stronger and more consistently positive association with short-run variation in the ERR reflected in realized one year ahead stock returns than the unrecorded goodwill component. Realised rate of return
Predicted net dividend
The y-axis of the left-hand side graph gives the quartiles of realized net dividend d it+1 /p it . The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted net dividend,d it+1 /p it . There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximumd it+1 /p it . The overlaid solid lines reflect estimation of cubic splines with five knots. The diagonal dashed line references the 45 o degree line where y = x.
In summary, our empirical analysis has provided firm-specific estimates of the long-run expected return on equity, based on the constrained estimation of a system of accounting-based forecast models, which are related to firm-specific implied cost of capital estimates generated in prior research. Our analysis indicates that realized stock returns on average revert to the estimated ERR but that, consistent with prior research by Easton and Monahan (2005) on the implied cost of capital, there is no evidence that our estimate of ERR predicts one-year ahead realized stock returns. Further analysis, however, indicates that the time-varying accounting components of our firm-specific ERR estimates are strongly related at a portfolio level to future realized stock returns. This is consistent with time variation in ERRs around a long-run average where predicted net earnings and predicted net dividends scaled by equity value provide useful additional information on short-run variations in the ERR.
Conclusions
The method for estimating the expected rate of return that is described in this paper adapts the linear information model that is based on abnormal earnings to a reported earnings basis, and then imposes the clean surplus parameter constraints identified in Clubb (2013) . The resulting equation system is rank deficient and, following the methods described by Christodoulou and McLeay (2014) , we identify its parameters by requiring the predicted accounting variables to articulate in accordance with the underlying Abnormal earnings based on realised net earnings
Predicted abnormal earnings
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Realised rate of return
The y-axis of the left-hand side graph gives the quartiles of abnormal earnings based on realized net earnings x a it+1 /p it = x it+1 /p it − r i × y it /p it . The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted abnormal earnings,x a it+1 /p it , from equation 13. There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximumx a it+1 /p it . The overlaid lines reflect estimation of cubic splines with five knots. The diagonal dashed line references the 45 o degree line where y = x. accounting identity. In contrast to previous research on the 'implied cost of capital', the long-run ERR estimates reported in this paper are based purely on the firm's accounting information dynamics and without reference to its stock price or market analysts' forecasts. In other words, these estimates are based on evidence regarding the persistence of each firm's accounting performance in its product markets, as opposed to assessments by the capital market of the firm's future performance. Interestingly, the average of our firm-specific ERRs is similar to the average based on prior research on the implied cost of capital, although -not surprisingly-there are differences at the firm level.
In addition to providing accounting-based estimates of firm-specific ERRs, we investigate the relationship between our ERR estimates and future realised one-year ahead stock returns in line with prior research on the implied cost of capital, and make use of our accounting-based approach to analyse the usefulness of ERR components with respect to predictions of earnings, dividends and book value. Consistent with previous research on the market reaction to released accounting information, there is no simple linear relation between our ERR estimates and realised stock returns, but we do find evidence that average realised stock returns are related to average ERR over the full sample period 1961-2011.
Using a portfolio smoothing method, evidence suggests that the articulated components of the estimated ERR (i.e. articulated such that predicted net earnings, less predicted change in book value of equity is equal to predicted net dividends, and where each is scaled by opening market value of equity) are strongly positively related to one year ahead realised stock returns, but that predicted capital gains and predicted change in unrecorded goodwill (similarly scaled) are negatively or ambiguously related to one year ahead Predicted change in unrecorded goodwill
The y-axis of the left-hand side graph gives the quartiles of realized change in unrecorded goodwill
The y-axis of the right-hand side graph gives the quartiles of the realized rate of return r * it+1 . The quartiles of both y-axes variables are calculated on the basis of the portfolio-specific median of the x-axis variable of the predicted change in unrecorded goodwill, ∆[(p it+1 −ŷ it+1 )/p it ]. There are 296 portfolios each with 99 or 100 observations summing to the total of N = 29, 569. To assist visual representation, the graph suppresses the display of the two most extreme portfolios, those with the minimum and maximum ∆[(p it+1 −ŷ it+1 )/p it ]. The overlaid solid lines reflect estimation of cubic splines with five knots. The diagonal dashed line references the 45 o degree line where y = x. realised stock returns. We interpret this as consistent with short-term variation from the long-run ERR (presumably related to changes in risk), and also as evidence of the usefulness of accounting predictions in forecasting short-run stock returns.
We conclude that this study provides a promising new approach to the estimation of a long-run expected rate of return, which highlights the important role of accounting fundamentals in the assessment of firm risk. While our approach avoids the use of stock prices to reverse-engineer expected rates of return, the underlying role of abnormal earnings dynamics clearly emphasises the importance of the capital market's return expectations in influencing competition between firms and hence firm performance. We hope that future research might further explore the relationship between, and relative performance of, capital market and accounting-based estimates of expected stock returns.
Appendix: Firm-specific estimates for companies with T i ≥ 30 Continued on next page . . . Continued on next page . . . Note: Some company names are abbreviated. T i is the firm-specific sample size.r i is estimated expected return. ICC is the firm-specific median estimate of the composite measure of implied cost of capital from Hou et al. (2012) . φ i is the estimated coefficient from equation 18; an asterisk indicates significance at α = 0.01 via a t-statistic with N − 1 degreees of freedom. R 2 x , R 2 d and s 2 d are the associated R-squares. It holds that α 3 = α 1 − α 2 , w 31 = w 11 − w 21 , w 32 = w 12 − w 22 and w 33 = 1 + r − w 23 .
Company name
T iri ICC φ i R 2 x R 2 d R 2 y Company name T iri ICC φ i R 2 x R 2 d R 2
